Genes homologous to the auxin-inducible Ntl03 glutathione S-transferase (GST) gene of tobacco, were isolated from a genomic library of Arabidopsis thaliana. We isolated a 2 clone containing an auxininducible gene, AtlO3-1a, and part of a constitutively expressed gene, AtlO3-1b. The coding regions of the Arabidopsis genes were highly homologous to each other and to the coding region of the tobacco gene but distinct from the GST genes that have been isolated from arabidopsis thusfar. Overexpression of a cDNA clone in Escherichia coli revealed that the AT103-1A protein had GST activity.
The effects of auxin on the cellular differentiation in plants are likely to be due, at least in part, to changes in the pattern of gene expression. Recently it was found that some of the auxinregulated genes encode proteins with glutathione S-transferase (GST) activity [4, 6, 15] that can also be induced by other hormones, heavy metals or environmental stress [9] . The coding sequence of one of these genes, the tobacco Nt103-1 gene, represented by the cDNA clone pCNT103 [ 19] , was used as a probe to isolate homologous genes from Arabidopsis thaliana.
After screening a genomic library at low stringency with pCNT103, recombinant clones were isolated. In three clones a 1 kb HindlII fragment hybridized with the pCNT103 probe. One clone containing the 1 kb fragment was designated 2103-1. The 1 kb HindlII fragment of 2103-1 was subcloned in pBlueScript SK +, giving rise to the plasmid pSK103. This plasmid was used as a probe in DNA hybridization experiments. Southern blot analysis at high stringency on Arabidopsis genomic DNA digested with BamHI, EcoRI or HindlII revealed one strongly hybridizing fragment of 11 kb, 6 kb and 1 kb, respectively. Also a weakly hybridizing fragment was present in these lanes, indicating that probably a second related gene was present in the genome.
The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Necleotide Sequence Databases under the accession number X89216.
The gene that hybridized strongly to the pSK103 probe was designated AtlO3-1a while the gene that hybridized weakly to pSK 103 was designated AtlO3-1b. Digestion of the genomic DNA with XhoI revealed two strongly and two weakly laybridizing bands, indicating that internal XhoI restriction sites were present in the genes (Fig. 1A) . We repeated the Southern blot analysis using 2103-1 DNA for the digestions and pSK103 as a probe. Fragments of 1 kb (HindIII), 6 kb Further analysis of 2103-1 revealed that the promoter region and part of the coding region of the A t103-1b gene were also located on this clone (unpublished results). The At103-1 genes were arranged in a tandem repeat at a distance of ca. 3.5 kb in the genome (Fig. 1B) . Clusters of auxinregulated genes have been reported earlier. In soybean five different SAUR genes were found on one phage clone [14] . Also a cluster of two ethylene-responsive GST genes was detected in carnation [ 10] .
Gene structure and organ&ation
The 1 kb HindlII fragment of 2103-1 was sequenced to obtain information on the coding region of the AtlO3-ta gene (Fig. 2) 
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~aatgtttgtatggttatgttgttgtttattttattgaatatctttgtatgttgtgtggttgagaagtgaggttttat~at~at~tct~acgttat~tta 925 t t t g g t c c c a g c c a c t at t t a g a a t t a a t g g t a a a g c t t 963 of the intron was identical in Arabidopsis and tobacco. The exons harbour an open reading frame specifying a protein of 224 amino acids. The AT103-1A protein was 67~o similar and 48~o identical to the tobacco NT103 protein ( G S T 1 -1). There was less homology with other auxininducible tobacco proteins, NT107 and N T l l 4 ( Table 1 ), indicating that indeed the tobacco NT103 protein was the best possible homolog of the A rabidopsis AT 103-1A protein.
The coding region of AtlO3-1b was isolated from the genomic D N A via IPCR [3] , cloned in pBlueScript SK + leading to plasmid pSK307, and sequenced (results not shown). The encoded protein AT103-1B was 78~o identical to the AT103-1A protein, and 43 ~o identical to the tobacco NT 103 protein.
The protein encoded by the AtlO3-1a gene clearly belongs to the family of type III GSTs and shows homology with other members of this family (NT103, G M H S P 2 6 from soybean [2] and PRP1 from potato [ 16] ) ranging from 46 to 48~o. This homology was significantly higher than that with GSTs that were identified in Arabidopsis so far, where amino acid identity is only 23~o to 27~o ( Table 1) .
The structure of the AtlO3-1a gene is very similar to the structure of the tobacco Ntl03 genes [ 19] . Like the Ntl03 [ 18] , as well as the prpl gene [16] and the Gmhsp26-A gene [2] the gene con- Table 1 . Percentage of amino acid identity of the protein encoded by the AtlO3-1a gene compared to the proteins encoded by the tobacco Nt103, [ 19] Nt107 and Nt114 [ 12] genes, the Gmhsp26-A gene of soybean [2] and the prpl gene of potato [ 16] . Also proteins encoded by different GSTs of arabidopsis were compared to the AT103-1A protein. These protein sequences were dervived from cDNAs or genes gst2 [20] , PM239x14 [1] , E R D l l and ERD13 [11] . tains two exons interrupted by one intron. The structure of other gst genes isolated thusfar is completely different. The gst genes of wheat [7] , Silene cucubalus [ 12] and maize [ 17] contain three exons interrupted by two introns. The carnation genes gstl and gst2 contain ten exons interrupted by nine introns [10] . Therefore also structural features support the assumption that different classes ofgst genes exist. The one intron containing gst genes may define a specific function in the cell which is different from that determined by other gst genes.
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In the promoter of AtlO3-1a, the putative TATA box was positioned 100 bp upstream of the initiation codon. The promoter did not show extensive homology to the promoter of the Ntl03 gene. However, typically a sequence related to an as-1 like element [13] , as present in the promoters of genes belonging to the auxin-inducible Ntl03 gene family, was present in the promoter of the AtlO3-1a gene as well (Fig. 2) . Recently we found that these as-l-like elements were sufficient to mediate the auxin-responsive transcriptional activation [5] . Also a sequence with homology to a light-responsive element (I box) [ 8 ] was present in the promoter of the Arabidopsis gene. No as-1 like or 1 box elements were present in the promoter of the AtlO3-1b gene.
Determination of the GST enzyme activity
Based on the homology to G S T proteins, it was interesting to test if the protein encoded by the AtlO3-1a gene also showed GST activity. In the c D N A clone pCAT103-1A the open reading frame (ORF) of the AtlO3-1a gene was cloned in frame with the lacZ O R F of the pSK + expression vector. This resulted in the expression of the AT103-1A protein as a fusion protein in E. coli. G S T activity was measured as described earlier [4] . The E.coli cell extract with the protein encoded by the arabidopsis pCAT103-1A clone showed significant GST activity (1.9 + 0.1) compared to the background activity found in extracts from cells containing the empty pSK + vector (0.1 + 0.0). The positive control clone pCNT103 [4] also provided E.coli with significant GST activity (5.6 _+ 1.3).
mRNA expression of the Atl03-1 genes
The expression of the At103-1 genes was studied in seedlings using northern analysis. Total RNA was isolated from the green parts and from the roots of 2-week-old seedlings. The mRNA hybridizing to pSK103, was constitutively present in the green parts of the plants. This may relate to the presence of an I box element [8] that was found in the promoter of the AtlO3-1a gene (Fig. 2) .
In the roots the mRNA was present at a much lower level. Therefore, induction by auxin and other compounds was tested in roots. Figure 3A shows that the mRNA hybridizing to pSK103 was induced by the auxins 2,4-D and NAA, but not by IAA, in roots. The failure o f l A A to induce the mRNA could be due to the rapid degradation of IAA in liquid medium. The presence of abscisic acid (ABA) also led to induction of the mRNA hybridizing to pSK103 in roots, but the concentration of hormone needed was 100 times higher than the 2,4-D concentration required for induction. Presence of the cytokinin kinetin at high concentrations also led to a clear increase in the steady state level of mRNA. Other compounds like the inactive auxin 3,5-dichlorophenoxyacetic acid (3,5-D) , the auxin transport inhibitor 2,3,5-triiodobenzoic acid (TIBA), glutathione (GSH), gibberellic acid (GA3), Cu 2 +, benzoic acid (BA) and salicylic acid (SA) did not induce the mRNA although they were used at concentrations considerably higher than the 2,4-D concentration used.
The mRNA hybridizing to pSK307 was constitutively expressed in green parts as well as in roots (Fig. 3B) . Presence of any of the compounds mentioned above did not lead to a significant increase in the steady state level of this mRNA. Invariably, the mRNA levels were compared to those hybridizing with the constitutive Ubq3ds gene (Fig. 3C) . -1a (pSK103) . B. Hybridized to the ClaI fragment containing AtlO3-1b (pSK307). C. Hybridized to the control probe UBQ3ds.
